Mice subcutaneously injected with cycloheximide were allowed to drink water in a test box. When returned to the same box at a later time, they rejected water. The drug-injected an imals showed signs of gastrointestinal malfunction, which appears to have produced a conditioned aversion of water in one trial. The "amnesic" effect of cycloheximide in the appetitive learning situations may be due to a similar conditioned aversion.
underlying mechanism has been thought to be the same in all situations; the drug disrupts the formation of long-term memory by suppressing protein synthesis in the brain. The occurrence of amnesia in different situations has been considered as a strong support for the protein hypothesis of memory (Barondes, 1970a, b) . The present experiment demonstrates one-trial learning of a conditioned aversion based on cycloheximide injection and suggests that a certain type of long-term memory may be formed under the influence of cycloheximide .
METHOD
Forty-eight male Swiss albino mice (Charles River) were used. Their body weights ranged from 30 to 37 g (mean 32.9 g). The general procedure of the experiment was similar to the one used by Nachman (1970) , the only difference being that a complex of situational cues, rather than a taste or temperature of water, was used as a conditioned stimulus. The animals were deprived of water on Day I, and given I h of access to water on Day 2 in their home cages. On Day 3, they were individually trained to drink water in a test box (Test 1). The box had a 10 x 20 cm grid floor and 20-cm high walls, with a water spout protruding from one of the walls 6 em above the floor. Water provided from the spout was the same tap water as the one supplied in the home cages. The animal was placed into the box, and the time it took the animal to reach the waterspout was recorded as latency . At the moment when the animal made a cont act with the spout , a timer was activated, and the total time it spent for drinking during the subsequent 5-min period was recorded . The volume of water a mouse consumed was so minute (mean : .87 ml in 5 min) that the time of drinking, rather than the volume, was taken as a The mice were randomly divided into six groups of eight, and each group was injected with either cycloheximide solution or physiological saline .5 h before , immediately after , or 3 h after Test 1. The drug solution was prepared by dissolving cycloheximide (Sigma) 7.5 mg/ml in physiological saline, and was injected sub cutaneously into the neck region at a dosage of 150 rug/kg , It should be noted that, in studies utilizing cycloheximide as an amnesic agent, the dosages were 120·167 mg/kg (Barondes & Cohen, 1968 ; Cohen & Barondes, 1968) . No water was given in the home cage on Day 3. Starting on Day 4, the animals were given free access to water in their home cages. Water was removed on Day 8, and then made available for 1 h on Day 9. On Day 10, the animals were tested again (Test 2) with the procedure identical to that for Test 1. A drinking ratio was calculated for each animal according to the following equation:
where 0, is the total drinking time in Test 1, and D. is the total drinking time in Test 2. Thus , if an animal drinks less water in Test 2 than in Test 1, the ratio is less than 50%.
RESULTS
In Test 1, all of the animals started to drink within 3 min (median latency : 49 sec), and spent from 10.3 to 73.3 sec (median: 31 .0 sec) at the waterspout. There was no significant difference among the groups either in the latency or in the drinking time (Kruskal-Wallis analysis of variance). In Test 2, the saline-injected mice were quick to find the water (median latency: 9 .5 sec), whereas the animals injected with cycloheximide immediately or 3 h after Test 1 took somewhat longer (medians : 21.5 and 15.5 sec, respectively). Those injected with the drug .5 h before Test 1 took significantly longer (median: 44.5 sec) than the saline control group (Mann-Whitney U test, p < .05). The median and interquartile range of drinking ratios in each group are shown in Fig. 1 . Cycloheximide injection .5 h before Test 1 significantly suppressed drinking in Test 2 (Mann-whitney U test, p < .01) . When the injection was made immediately after Test 1, two out of eight animals demonstrated suppression, but six others did not. The drug injection 3 h later had no effect. There was no [ l Cycloheximide L Saline REFERENCES for the location of water spout. The present study does not completely rule out this possibility . However, after having found the spout, the drug-injected animals were still reluctant to drink water from it, suggesting that they remembered, at least, the aversive consequence of drinking . It appears that a certain type of long-term memory is formed and ret ained even when the cerebral protein synthesis is suppressed by cycloheximide. A similar suggestion has been made by Squire, Geller, and Jarvik (I 970). They habituated mice to a novel environment after injection of cycloheximide, and found that the animals remembered the environment for 2 days. The acquisition of conditioned aversion after cycloheximide injection presents an alternative interpretation for the results of amnesia studies using this drug in appetitive learning situations. For example , Cohen and Barondes (1968) trained mice in a T-maze, and found that the animals injected with cycloheximide .5 h prior to the training session failed to show the trained response in a later retention test. The experimenters concluded that the task learned in the absence of cerebral protein synthesis was not remembered for a long period of time . However, the failure to approach water could have resulted from a conditioned aversion of water in the goalbox , as it happened in the present experiment. It is then possible that the amnesic effect of cycloheximide is peculiar to shock-motivated learning situations. The results of the present experiment indicate that subcutaneous injection of cycloheximide caused gastrointestinal malfunction leading to diarrhea, and that the animals learned a conditioned aversion of water based on it in one trial. The conditioned stimulus (CS) was the situational cues in the test box, and the unconditioned stimulus (US) was the gastrointestinal discomfort associated with diarrhea. In order for the conditioned aversion to occur , the drug had to be injected early enough so that the aversive consequence of the injection began shortly after drinking water in the test box . The relatively short CS-US interval is in agreement with the findings of Rozin (1969) that non-gustatory CS is conditionable with gastrointestinal US only when the CS-US interval is relatively short.! It may be argued that the relatively long latencies of the drug-injected animals in Test 2 indicate an amnesia significant difference among the three saline control groups .
The drug-injected animals began to show piloerection in about 1.5 h, and their feces became watery in about 2 h after injection . None of the saline control animals showed such signs of diarrhea. Although there was no appreciable drop in body weight after cycloheximide injection, the drug-injected animals were slightly slower in gaining weight on the subsequent days with ad lib water. Thus, at the time of Test 2, the mean body weights of the drug-injected groups were 83% of their predeprivation weights, while they were 85% in the saline control groups .
